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ABSTRACT, 

Extens ive  showers,  abnormally poor i n  p e n e t r a t i n g  

p a r t i c l e s ,  hake been r evea led ,  They a r e  a t t r i b u t a b l e  t o  p r i -  

nary  photons. The i r  frequency c o n s t i t u t e s  one pe rcen t  of  t h e  

o rd ina ry  showers of t he  same dimensions. 

* * *  

I n  a preceding  a r t i c l e  E11 we mentioned t h e  p o s s i b i l i -  
16 t y  o f '  e x i s t e n c e  of  high-energy photons (1015- 10 

extra-atmospheric  space ,  and we desc r ibed  a p r o j e c t  of  a method 

f o r  t h e i r  d e t e c t i o n  by t h e  r e g i s t r a t i o n  of ex tens ive  showers 

abnormally poor i n  hard  component. 

eV) i n  t h e  

In a subsequent  p u b l i c a t i o n  c21 we p resen ted  t h e  pre-  

l i m i n a r y  r e s u l t s  demonstrat ing t h e  p o s s i b l e  e x i s t e n c e  of such  

showers. We now p r e s e n t  i n  a condensed form t h e  r e s u l t s  of 

l o n g e r  s e r i e s  of obse rva t ions ,  u t i l i z i n g  a b roade r  sys t em:  

18 months of r e g i s t r a t i o n  with an e f f e c t i v e  s u r f a c e  under l e a d  

Sp = 7.6 m2, composed o f  M = 56 eleraents branched t o  a hodo- 

scope ,  and 1 0  months with a s u r f a c e  S =14,1 a2 composed of 

* I n d i c a t i o n s  nouvel les  su r  l ' e x i s t e n c e  de grandes gerbes  de 
l ' a i r  a - t t r i b u a b l e s  h des photons p r ima i re s ,  (Note p re sen ted  by 
I%, F r a n c i s  P e r r i n ) .  

P 



104 hodoscoped elements ,  The e l e c t r o n  d e n s i t y  is determined by 

8 benches composed of 72 ba re  hodoscoped coun te r s  o f  0,125 m2 
s u r f a c e  each,  

Each r e g i s t r a t i o n  i n d i c a t e s  t he  number m aaong t h e  M 

d e t e c t o r s  ope ra t ed  under t h e  l e a d ,  an$. simulkaneously t h e  

e l e c t r o n  d e n s i t y  determined by t h e  number k among t h e  K ba re  

coun te r s  a f  €e c t ed . 
The aggrega te  of r e g i s t r a t i o n s  i s  d iv ided  i n t o  e i g h t  constad 

i n t e r v a l s  of  l o g  ( A e S p ) ,  t h e  va lue  

number o f  e l e c t r o n s  f a l l i n g  on t h e  l e a d  s u r f a c e .  The meaning of  

Be  Sp is independent  from t h e  change i n  t h e  s u r f a c e  S 

i s  changed accord ingly .  The width of  t h e  i n t e r v a l s  of  l o g  (A, Sp) 
i s  equal  t o  0,- 01, t h e  va lue  of  Ae S 

AeSp r e p r e s e n t i n g  t h e  mean 

i f  8, 

vzry ing  from 220 t o  1380, 

P' 

The r a t i o  of  t he  extreme va lues  is about 7; however, 

t h e  to ta l .  nunzber of  p a r t i c l e s  i n  an observed shower v a r i e s  

from lo5 t o  2.5 lo6, s i n c e  bes ides  t h e  va lue  d, S t h e  d i s -  

tance  from the  axis of  a shower t o  t h e  c e n t e r  of  t h e  appara tus  

also v a r i e s  around t h e  most probable  d i s t a n c e ,  

e P  

The frequency of  r e g i s t r a t i o n s  o f  p e n e t r a t i n g  even t s  

may be computed by t h e  r e l a t i o n  

with x = A / M ,  where is t h e  d e n s i t y  of t h e  p e n e t r a t i n g  

component, f (x, k) be ing  a func t ion  r e p r e s e n t i n g  the  spectrum 

o f  the  p e n e t r a t i n g  component imposed by the  d e v i c e ' d e t e c t i n g  

t h e  e l e c t r o n i c  component. We t r e a t e d  t h e  func t ion  f ( x ,  k )  i n  

a most p u r e l y  formal f a s h i o n  by t r y i n g  va r ious  a n a l y t i c a l  expres-  

s i o n s  u n t i l  t h e  va lues  of N s o  computed approach the  experi-  

mental va lues  of Nm,k a t  b e s t ,  

P P  
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Before proceeding wi th  t h e  s e l e c t i o n  o f  f (x ,  k ) ,  i t  is  

necessary  t o  t a k e  i n t o  account  t h e  f a c t  t h a t  t he  s@atial d i s b r i -  

bu t ion  o f  p a r t i c l e s  under t h e  absorbent  is no t  Poissonian  on 

account of  t h e  secondary even t s  produced i n s i d e ,  Th i s  is t r an -  

s l a t e d  by a deviatiorz f n  t h e  r e p a r t i t i o n  of t h e  a f f e c t e d  d e t e c t -  

ors r e l a t i v e  t o  a hypergeometr ical  d i s t r i b u t i o n ,  

This ques t ion  is t h e  o b j e c t  of  a c l o s e r  e l a b o r a t i o n  i n  

t h e  work c31. On t h e  b a s i s  o f  a d e t a i l e d  a n a l y s i s  o f  t h e  "group- 

ings" of  t h e  a f f e c t e d  d e t e c t o r s ,  one may r e - e s t a b l i s h  a r e p a r t i -  

t i o n  a s  i t  would have been, i f  t h e r e  were no secondary m u l t i p l i -  

c a t i o n s  i n  t h e  l e a d .  This  c o r r e c t i o n  i s  r a t h e r  impor tan t ,  f o r  

i t  raises t h e  frequency of t h e  weak m u l t i p l i c i t i e s  m , e x c e p t  

of  course  M = 0. 

I n  t r y i n g  a g r e a t  number of p r o p o s i t i o n s ,  we have f i n a l -  

l y  s e l e c t e d  a func t ion  f ( x , k )  w r i t t e n  by u t i l i z i n g  a v a r i a b l e  

e = (x-xo) /xo f 

- w z  
f (2;) = B e  z t  

wi th  OC = 0.001 and = 3 e  The va lue  of  xo is l i n k e d  i n  a f ixed  

f a s h i o n  t o  xf ( t h e  h is togram's  maximum) for a given va lue  k, 

Since  Zf = (xf /xo ) - I SE p/& , we have 

bc 1 X 
0 - - 3000 * Xf - 8 3  

The i n t r o d u c t  on of  s o  s m a l l  a xo appropr-ate t o  every 

a ,  (through x0/xf) has no r ea l  meaning except  f o r  t h e  poss ib i -  

l i t y  of w r i t i n g  t h e  func t ion  f (x, k) i n  a gene ra l  form f (2 ; )  

a p p l i c a b l e  t o  a l l  t h e  d i f f e r e n t  c a s e s  o f ' v a r i o n s  a, and m, 



4, 

A s  a l i m i t e d  example, one r e p r e s e n t s  t h e  aggregate  o f  t h e  

r e s u l t s  i n  the  form of suras of even t s  ( i n  all t h e  i n t e r v a l s  of  

A S ) f o r  va r ious  m. The t o t a l  sum of  the  i n t e g r a l s  N 3 +  E4 + 
+ N5 + E6 + N7 is n o r m d i z e d  a t  t h e  sum of t h e  r e s p e c t i v e  c o r r e c t -  

e l ?  

ed experimental  va lues  : 

5573 7 811 9212 0023 

58 12.4 9.5 9.1 
0.09 0.22 0.25 - P 

We then  r ep resen ted  the  v a l u e s  g 2  computed for seven  

i n t e r v a l s  o f  I?ie Ss, and a l s o  the  p r o b a b i l i t i e s  P 

seven  degrees  o f  l i b e r t y  each ( t h e  r e g i s t r P t i o n  o f  every M is 

d iv ided  i n  e i g h t  i n t e r v a l s ,  of which t h e  l a s t  two a r e  reassembled) .  

The t e s t  of 
while  proving  at t h e  same time a remarkable agreement f o r d l  t he  a's 

between 3 and 7. (It vjas n o t  deemed u s e f u l  t o  prolong the  computa- 

t i o n s  above 1~1.- 7).  W e  a l so  note  t h a t  t h e  experimented r e s u l t s  

ob ta ined  for AeSp > 1070 provide L9 '*zeros1! and 2.4 t f u n i t i e s f v  

i n  complete disagreement wi th  t h e  calcu2Eted r a t i o  , which is 

No/Nl  = 1/4, It is  i n  t h a t  l a s t  p a r t  of D e s p  t h a t  t h e  e f f e c t  
s ea rched  for is n o s t  e v i d e n t  : i t  c o n s t i t u t e s  about  80% of t h e  

r e g i s t e r e d  t*zeroii even t s  

( >  % 2 )  f o r  

$ 2 g i v e s  a complete disap-eement f o r  m = 0 and m = l  

Ne b e l i e v e  t h a t  our obse rva t ions  can be only expla ined  by 

admi t t i ng  t h e  e x i s t e n c e  o f  a groupe of  showers abnormally poor i n  

p e n e t r a t i n g  p a r t i c l e s ,  

The p ropor t ion  of  abnornaal shovers  is  es t ima ted  as follows : 

t h e  conaplete s t a t i s t i c a l  s e r i e s  i n c l u d e s  98269 record ings  i n  t h e  



e i g h t  i n t e r v a l s  of  A S and we f i n d  t h e r e i n  950 abnormal e ? ?  
record-ings m = 0 and m = 1, which g i v e s  a g loba l  observed 

e f f e c t  of about 1% of photonic  showers (r- showers) r e l a t i v e  

t o  o rd ina ry  nuc lea r  showers ( p -  showers) con ta in ing  t h e  same 
t o t a l  number of p a r t i c l e s  ( s i z e ) .  The l i m i t s  of error i n  t h i s  

e v a l u a t i o n  must no t  exceed l / 3 r d  o f  t h e  value found. 

A s  we remarked i n  r e f e r e n c e  Ell 'I t he  - and p- shovers  

of  same size at t h e  ground do not  have t h e  same e n e r g y :  t h e  r a t i o  

o f  abnormal. t o  normal showers having t h e  same energy must be much 

lower ,  f o r  example 0.1 % e 

The va lue  of our e f f e c t  is now g r e a t e r  t han  i n  our  prece- 

d i n g  i n d i c a t i o n s .  This  sterns from t h e  f a c t  t h a t  w e   no^ knawtha t  

t h e  abnormal showers are no t  e n t i r e l y  devoid of  mesons, which 

explzdns t h e  a b n o r q l  cases w i t h  M = 1 C41. For t h a t  reason  t h e  

spectrum func t ion  has  been r e v i s e d ,  and new c o r r e c t i o n s  were a l s o  

in t roduced  i n  our histograms ( f o r t u i t i o u s  co inc idences) ,  

The e x i s t e n c e  o f  two d i s t i n c t  t ypes  o f  showers  i s  i n  

oppos i t i on  t o  every primary proton r e a c t i o n  p rocess ,  such as 

t h e  p r o b a b i l i t y  o f  energy t r a n s f e r  t o  a s i n g l e  So or photon 

decrease  i n  a cont inuous manner when t h e  energy i n c r e a s e s .  

The c l e a r  d i s c o n t i n u i t y  observed al lows t o  e i t h e r  v i sua l ize  
a new r e a c t i o n  p rocess ,  or an extra-atmospherical  o r i g i n  of photons 

g i v i n g  b i r t h  t o  abnormal showers. 
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